Among various kinds of DNA damage used as markers for cancer development, 8- hydroxydeoxyguanosine , an oxidative adduct form of deoxyguanosine (dG), is considered to be one of the most sensitive (1). 8-OHdG is induced by several carcinogens and tumor promoters (2) (3) (4) (5) (6) and causes mutation both in vitro and in vivo (7) (8) (9) . 8 -OHdG has been evaluated in human leukocytes to elucidate correlations between 8-OHdG levels and etiological factors in patients with autoimmune diseases (10) . Effects of health practice factors like physical exercise (11) and smoking (12, 13 ) on 8-OHdG levels have also been investigated. 8 -OHdG values vary considerably among those studies; thus, it is difficult to elucidate the correlation between those factors and the cellular 8-OHdG induction mechanism. We have established an anaerobic 8-OHdG determination method (14) that enables an accurate determination of 8-OHdG using human leukocytes, and we found this method suitable for human population studies using cellular 8-OHdG as a marker of cancer risk. By the method, we investigated the effects of daily health practice factors on 8-OHdG levels in leukocytes, i.e., both polymorphonuclear leukocytes (PMN) and mononuclear leukocytes (MN).
Materials and Methods
Subjects. Subjects were recruited from male workers in a factory during an annual health examination. After obtaining their consent, samples were collected from 92 male workers. We asked each worker to answer a self-administered questionnaire regarding their daily health practices.
Samples. Blood (7 ml) was collected into an EDTA-2Na-containing vessel. PMN and MN cells were separated with Mono-poly resolving medium (Dainippon Seiyaku, Osaka, Japan) within 4 hr after the sample collection. The remaining red blood cells in each cell fraction were removed by hypotonic lysis. Cells were washed with Dulbecco's phosphate buffered saline and stored as pellets at -80°C until assay.
8-OHdG assay. DNA extraction from cells and subsequent DNA digestion were carried out inside an anaerobic incubator as described previously (14) . 8-OHdG was assayed using HPLC with electrochemical detection (15) . The 8-OHdG value was calculated as 8-OHdG/106 dG, which was simultaneously assayed with a UV detector. ALDH2 genotyping. To determine the individual sensitivity to an alcohol metabolite, acetaldehyde, the aldehyde-dehydrogenase 2 isozyme (ALDH2) genotypes of 82 subjects were examined using the nonisotopic polymerase chain reaction method described previously (16 According to the self-administered questionnaire, subjects were classified on the basis of the five health practice factors: the frequency of physical exercise, smoking status, alcohol drinking (DRINK), awareness of nutritional balance, and the degree of subjective mental stress ( Table 2) . None of the factors showed any significant difference of 8-OHdG levels between groups in either PMN or MN.
No significant difference in 8-OHdG levels was observed among the three groups of alcohol drinking status (Table 3) . Next, we compared the 8-OHdG level in the groups of subjects classified by ALDH2 genotype (Table 3) . Here, to obtain a sufficient number of subjects for analysis, the difference was analyzed between DRINKeveryday groups and DRINK-not-everyday (including "less than five times per week" and "none" subjects) groups. None of the ALDH22/ALDH22 were habitual drinkers. Comparing 8-OHdG between DRINKeveryday and DRINK-not-everyday groups in each genotype, the DRINK-everyday groups showed higher levels than the DRINK-not-everyday groups both in PMN and in MN. In PMN from ALDH21/ALDH22 subjects, 8-OHdG of the DRINK-everyday group was significantly higher than that of the DRINK-noteveryday group. There was a significant correlation between 8-OHdG in PMN and the daily amount of alcohol intake in ALDH21/ALDH22 subjects (Fig. 1) . In MN, no correlation was observed in ALDH21/ ALDH21 (r= -0.018) or ALDH21/ALDH22 subjects (r= 0.085).
Discussion
We evaluated 8-OHdG in human leukocytes by the anaerobic 8-OHdG determination method, which has made the determination more accurate and reproducible than before (14) . The mean 8-OHdG was the lowest level ever reported. The 8 -OHdG in our study showed 1/60-1/30 lower levels than the previous study. However, the 8-OHdGs of the two cell types did not always show the same difference with each subject. One third of the subjects (n = 29) showed higher 8-OHdG in MN than PMN. We could not find any factor in this study that might correlate the ratio of 8-OHdG in PMN to that in MN. There might be an accidental oxidative stress generation during leukocyte separation and the following procedure in the cell preparation, even though we had carefully controlled the temperature to minimize the effect of the accidental factors. In PMN, which are known to easily generate reactive oxygen species against various kinds of stimuli, the accidental 8-OHdG formation might strongly occur. Further inquiries are needed to verify the difference of 8-OHdG between PMN and MN, especially in factors associated with oxidative stress.
Among the factors investigated, the effect of alcohol drinking on 8-OHdG was observed when subjects were classified by ALDH2 genotype (Table 3 ). In ALDH21/ ALDH22 subjects, 8-OHdG in PMN of the DRINK-everyday group was significantly higher than that in the DRINK-noteveryday group. Moreover, the amount of alcohol intake showed a correlation with 8- OHdG in PMN from ALDH21/ALDH22 aThe everyday group is significantly higher than the not-everyday group (p<0.05). subjects, and the effect was stronger in the ALDH2'/ALDH22 subjects than in the ALDH2'/ALDH21 subjects (Fig. 1 ).
ALDH2 is an enzyme responsible for the individual sensitivity to alcohol (16, 18) (11) , leukocytes (12, 13) , and urine (20, 21) and in an in vivo study using rats (22) . Age (23, 24) and BMI (21) have also been reported to be correlated with 8-OHdG levels in human tissues and in urine, respectively. On the contrary, with those factors, we failed to detect any significant difference of 8-OHdG in leukocytes. The oxidative damage appearing in leukocytes from healthy donors might be milder than that in tissues, which may be the target of cancer development due to oxidative stress. Moreover, PMN, the role of which is the first-line-defense against foreign organisms, might be more strongly affected by factors that can cause transient respiratory burst than the accumulative effect of daily oxidative stress.
In conclusion, we evaluated 8-OHdG in PMN and MN, with the lowest value ever reported. However, 8-OHdG in leukocytes from healthy male subjects did not show any significant correlation with the health practice factors investigated, except for the effect of alcohol drinking on the subjects who were genetically susceptible to the effect of acetaldehyde.
